Gliomas are among the most common primary neoplasms in children and adults. Management plan for gliomas greatly depends on their grade. Based on their grade, pre or post-surgical radiation or chemotherapy may be advocated. The objective of our study was to evaluate the role of Magnetic Resonance Spectroscopy in differentiating grades of glioma and to assess the relationship of brain metabolite ratios. Material and methods: Magnetic Resonance Spectroscopy was performed in 27 patients with gliomas which were histologically proven. Brain metabolite ratios were calculated at intermediate / long Echo Time. Tumours were graded as low grade or high grade gliomas by experienced radiologist based on Magnetic resonance imaging and Magnetic Resonance Spectroscopy findings. Post-surgery, the histologic grade of glioma was correlated with that of imaging grade. Results: Overall sensitivity, specificity, positive and negative predictive values for classifying glioma into grades using Magnetic Resonance Imaging and Magnetic Resonance Spectroscopy was found to be 83%, 66%, 66% and 83% respectively. Among the metabolite ratios, Choline-to-Creatine was found to be most useful in grading gliomas as low and high grade. Conclusion: Magnetic Resonance Spectroscopy is a useful tool in diagnosing gliomas. Various metabolite ratios can be used in grading gliomas by considering the peri tumoral spread and nature of tumour composition. Further studies on Magnetic Resonance Spectroscopy metabolites are required to improve the sensitivity and specificity of the diagnosing tools in grading gliomas.
INTRODUCTION
Gliomas are among the most common primary neoplasms of brain across all age groups and histologically have varying grades from low to high. 1 Gliomas are imaged on contrast enhanced Computed Tomography (CECT) and Magnetic Resonance Imaging (MRI) to obtain useful data required for arriving at a diagnosis and aiding neurosurgeons with information required for further management. It is of pivotal importance to grade Gliomas as low or high-grade malignancy, since the management of the two differ. Based on the grade, pre or post-surgical radiation or chemotherapy may be advocated. The gold standard for grading of glioma is histopathology. 2 Many studies regarding the relationship between Magnetic Resonance Spectroscopy (MRS) and gliomas have been performed but usefulness of glioma grading using MRS is not clear due to unavailability of standard criteria for data analysis. 3 Hence it is necessary to use imaging techniques like the MRS to provide additional information in this era of advances in radiological diagnosis. Though extensive studies have been done on spectroscopic metabolites like choline, creatine and N-Acetyl Aspartate (NAA), very few studies regarding usefulness of other available metabolites are established. MRS is available in most of the institutions with 1.5T MRI and in those institutions where perfusion imaging is not performed. In such situations, MRS being an advanced application can be utilized at its best for further characterization of the lesion. We conducted the present study to grade gliomas using conventional MRI and MRS. This was to assess the sensitivity of MRS in grading gliomas.
MATERIAL AND METHODS
This study was a validation study conducted retrospectively with data retrieval period of 18 months. Patient selection: Pre-operative imaging studies of patients with untreated gliomas were considered.
Inclusion criteria:
All patients with a histopathologic diagnosis of glioma who have undergone preoperative MR imaging with Spectroscopy in our hospital setup. The formula used for calculation is n = Zα²p (1-p) /e² Where n = sample size Zα = 1.96 at 95% confidence interval and e = allowable error All brain MRI have been acquired on 1.5T superconducting MRI unit (PHILIPS ACHIEVA 16 channel system) with a dedicated head coil. MRS was performed using multi voxel MR spectroscopy sequence in PHILPS ACHIEVA 1.5T MRI scanner with parameters as follows; Multivoxel, Matrix M x P -22 x 19, slice thickness -15 mm, with TR/TE of 2000/144ms. Various metabolite ratios available from the data were analysed. Histopathologic diagnosis with grading of glioma were obtained. Correlation between the grading of gliomas using metabolite ratios of MRS as well as MRI features and the histopathology grading of glioma was performed. Metabolite ratios which were analysed included N-Acetyl Aspartate to creatine ratio (NAA/Cr), Cho/Cr, Choline to N-Acetyl Aspartate ratio (Cho/NAA) and myoinositol to creatine ratio (mI/Cr).
Interpretation: Both quantitative and qualitative data analysis was performed. In quantitative assessment, the mean values for normal NAA/Cr, Cho/Cr and Cho/NAA were considered to be 1.44, 0.66 and 1.9 respectively. 5, 6 Regions of clinical interest were the regions showing diffusion restriction and contrast enhancement and peritumoral area. Baseline values of normal brain parenchyma was also obtained. Qualitative analysis was performed on post contrast images and was based on conventional MRI reporting system which considered lesion size, extent, contrast enhancement, mass effect, necrosis/ hemorrhage within the tumour and multifocality. Imaging data were interpreted by experienced radiologists using a dedicated post-processing workstation. According to previous World health organization classification, gliomas are graded from 1-4. Grade 1 includes small subset of low-grade gliomas. Grade 2 includes low grade astrocytoma and oligodendrogliomas. Grade 3 includes anaplastic astrocytoma and oligodendrogliomas. Grade 4 includes Glioblastoma multiforme 7
STATISTICAL ANALYSIS
Data was statistically analyzed using percentage, sensitivity, specificity, positive predictive value and negative predictive value.
RESULTS
Our study included 15 male and 12 female patients. Of the 27 patients, radiologically 12 were diagnosed to have low grade gliomas and 15 were diagnosed to have high grade gliomas (figure-1). Among these, pathologically 15 were proved to be low grade whereas 12 were proved to be high grade gliomas (Table 1 ). MRI and MRS features were applied to diagnose and grade gliomas preoperatively. Overall sensitivity, specificity, positive and negative predictive values for classifying glioma into grades using MRI and MRS was found to be 83%, 66%, 66% and 83% respectively (fig-2 ). Individual metabolite ratios were also assessed to classify gliomas into grades. Sensitivity, specificity, Positive and negative predictive values for NAA/ Cr was found to be 75%, 66%, 64% and 76% respectively; for Cho/Cr it was found to be 83%, 86%, 83% and 86% respectively and for Cho/NAA it was found to be 75%, 86%, 81% and 81% respectively. In our study mIn/ Cr did not show any significant variation in values with different grades of gliomas. We found that among all the metabolite ratios, Cho/Cr had better statistical significance. 
DISCUSSION
Gliomas are one of the most common primary cerebral tumours. 'Glioma' refers to tumours which are histologically similar to glial cells which include astrocytes, ependymal cells and oligodendrocytes. There have been various revisions for the classification of gliomas beginning from 1926. The modern classification system by World Health Organization (WHO) was first published in 1979 and has been revised since then with the latest fourth edition published in 2016. 8 The histologic features considered in grading gliomas include cellularity, mitotic activity, nuclear atypia, vascularity and necrosis. Among the various cell types in gliomas, astrocytic gliomas are most common. In children low grade gliomas and in adults' high-grade diffuse gliomas are found to be more common. 8 Among the conventional MRI sequences, T2 weighted because of overlap between edema surrounding the tumour and tumour cell infiltration. Among the newer developments in MR sequences, Diffusion Tensor Imaging (DTI) is beneficial in this regard. MRS to some extent can also detect peritumoral infiltration by evaluating metabolites in the area surrounding the tumour region. 9 Metabolite ratios have been used to assess cell proliferation and composition. Among the various metabolites that can be identified on MRS, the few metabolites which are of clinical significance in diagnosing gliomas include the following 10 : N-Acetyl Aspartate (NAA) at 2.02 ppm, Choline (Ch) at 3.2 ppm, Creatine/ Phosphocreatine (Cr) at 3.0 ppm, Lactate (Lac) at 1.33 ppm, Lipids (Lip) at 0.9-1.5 ppm and Myo-inositol (mI) at 3.56 ppm. NAA is predominantly restricted to neurons, axons and dendrites and is referred to as neuronal marker. It acts as a marker of good neuronal health and is the largest signal in normal adult brain. Choline peak is a composite peak and the compounds involved in the peak are responsible for membrane synthesis and degradation. Hence choline peak is elevated in conditions where there is increased cell turnover like in tumours. Glial cells also have high choline levels. Creatine peak is also a composite peak and it represents energy metabolism generating ATP. Glial cells also have high creatine level compared to neurons (invitro). Myoinositol is mostly seen in short echo spectra. Glial cells are said to have higher levels of mIn than neuronal cells (invitro). 11 Characteristically low-grade gliomas tend to show a relatively higher concentration of NAA and low levels of choline with lactates and lipids being absent. Earlier progression and malignant transformation of low-grade gliomas show increasing levels of creatine. Decreasing trend of NAA and myoinositol with progressive elevation in choline levels reflect progression of glioma grade. However, choline levels are seen to increase up to grade III. Presence of lactate and lipids indicate malignant transformation of glial tumours and is more often a feature of grade IV than grade III. 10 In a study of multivoxel MRS, Tamiya et al. showed a positive correlation between Cho/Cr ratio and Ki-67 index while NAA/Cho ratio has a negative relationship with the index. 10 In a study by Kim JH et al. 4 -3 ). This was in concordance with a study by Hamed SAI et al on Grading of Brain Tumours using MR Spectroscopy: Diagnostic value at Short and Long TE which showed similar ratios. 5 Also study by Guzmán-De-Villoria JA et al. 12 on comparing added value of advanced over conventional magnetic resonance imaging in grading gliomas and other primary brain tumours, high grade tumours showed high choline/ creatine at long TE which was in concordance with our study. 
Figure-3:
Multivoxel MR Spectroscopy in a contrast enhancing lesion demonstrates pathological brain metabolites spectrum with increased choline-to-creatine ratio and decreased NAA to creatine ratio suggestive of High grade glioma images (T2W) and diffusion weighted images (DWI) can be used to evaluate the cellularity of a lesion. DWI helps to assess free water molecule diffusion. The same concept is used to assess the cellularity in gliomas. DWI is also used in diagnosis of acute cerebral infarction and in differentiating tumour necrosis from abscess cavity. Lower Apparent Diffusion Co efficient (ADC) values correspond to increased cellularity and hence high-grade gliomas. 9 Tumour aggressiveness can also be assessed by peritumoral invasion. However conventional MR imaging sequences fail to evaluate this index of tumour aggressiveness. This is
